The objective determination of the optimal harvest date for plums intended either for industrial processing or for consumption as fresh fruit is a fundamental concern of the fruit industry. A portable visible/near infrared (Vis/NIR) spectroscopic device was used to sort D'Agen plums harvested around the traditional commercial harvest date. The chlorophyll absorbance index was found to be capable of segregating plums into classes of maturity according to various concentrations of soluble solids and fruit compression strenght values. Fruits with a chlorophyll absorbance index value of less than 1.59 showed no differences in flesh firmness. Plums harvested with chlorophyll absorbance index values of 1.20-1.29 had a fruit compression strenght of 1.25 N and a soluble solids concentration of 23.3%. Both of these values correspond to adequate thresholds for harvesting plums for industrial purposes. The chlorophyll absorbance index may be valuable in allowing the identification of high-quality plums either for fresh consumption or industrial processing.
Introduction
The search for an objective, easy, reliable, and simple index for determining maturity has been investigated by many horticulturists specializing in stone fruits. Any index used by producers, handlers, and quality control personnel must be simple, should be readily used in the field or at the inspection point, and should require relatively inexpensive equipment. The index should be objective (a measurement) rather than subjective (an evaluation), and, ideally, the measurement process should be non-destructive (Crisosto, 1994) .
European plums (Prunus domestica L.) are climacteric fruits in which the chlorophyll content decreases during ripening (Crisosto, 1994) , and the measurement of this change is an unequivocal indication of maturation. European plums are used mainly for processing into prunes (Ertekin et al., 2006) and for fresh consumption; thus, the traditional indices used to determine the optimal harvest date are the soluble solids concentration (SSC) and the flesh's firmness (Crisosto and Mitchell, 2002 A portable system of visible near infrared (Vis/ NIR) spectroscopy system was developed recently. This instrument provides fast and reliable data on the internal properties of many fruit species by measuring the difference in absorbance between two wavelengths (670 and 720 nm) close to the peak of chlorophyll a. In this study, a portable Vis/NIR device was used to characterize the harvest maturity of D'Agen plums as a way to establish the use of the chlorophyll absorbance index (I AD ) for determining the time of harvest for this fruit variety.
Materials and methods
D'Agen plums (French prunes) were obtained from a commercial orchard located near Santiago, Chile. Twelve trees were used in this trial, and plums from these trees were harvested daily during February 2009. A total of 900 plums were harvested during a three-week span, beginning two weeks before and ending one week after the traditional commercial harvest date used by the local plum industry. The plums were analyzed individually and non-destructively with a DA meter, which is a portable Vis/NIR instrument (Sinteleia, Bologna, Italy), to determine the I AD . The DA meter is an instrument that uses the absorbency properties of chlorophyll to measure the chlorophyll content in the fruit's skin. The chlorophyll content of a fruit is a precise index of a fruit's ripeness. The peach is a climacteric fruit that exhibits decreasing chlorophyll content during ripening (Chalmers and van den Ende, 1975) , and the difference in absorbance between two wavelengths near the chlorophyll a peak (the index of absorbance difference, I AD ) is related to the actual chlorophyll content in the fruit's skin and is, therefore, related to the physiological processes of fruit maturation. For each fruit, the average of three measurements obtained from the cheeks was determined for further data analysis.
After Vis/NIR analysis, the compression strenght of the flesh was evaluated non-destructively by inserting a 21 mm diameter plunger supported by an electronic fruit texture analyzer (Guss, Strand, South Africa) into the cheek of intact plum to a depth of 1 mm. The firmness of the flesh of single plums was measured after skin removal with the same fruit texture analyzer, but employing a 7.9 mm plunger. The SSC was also measured for each plum using a digital ATC-1E refractometer (Atago, Tokyo, Japan).
Once the instrumental measurements were completed, all of the data regarding the plums and their time of harvest were grouped into six classes of I AD values (1.20-1.29; 1.30-1.39; 1.40-1.49; 1.50-1.59; 1.60-1.69 and 1.70-1.79), which represented 95% of all of the harvested fruits. Following ANOVA, significant differences between the means were determined by Duncan's separation test (P ≤ 0.05) (García-Villalpando et al., 2001) .
Results and discussion
The plums collected during the period around the traditional commercial harvest date showed I AD values that varied between 1.87 at the first harvest and 0.13 at the last harvest. Despite this wide range, 95% of all of the harvested plums had I AD values of between 1.20 and 1.79 (Figure 1) . As peaches, plums and nectarines ripen, substantial physical changes occur in their skin color (Iglesias and Echeverría, 2009) . The fruit color is determined by the various pigments present in the skin and the flesh of the fruit (Stembridge et al., 1972) , and, normally, the color changes from green, associated with elevated chlorophyll content, to red, yellow or deep blue (Crisosto, 1994) . D'Agen plums were sorted into six I AD classes; the 1.70-1.79 class (n = 45) had the lowest number of plums, and the 1.50-1.59 class (n = 260) had the most plums.
The I AD class with the lowest values (1.20-1.29) contained the plums with the highest SSCs, while the I AD class with the greatest values (1.70-1.79) contained the plums with the lowest SSC values; the 1.40-1.49 I AD class, which represented the mean I AD , contained plums with the mean SSC value. The 1.50-1.59, 1.60-1.69 and 1.70-1.79 classes showed no differences among one another (Table 1) . Complete separation of the means of the flesh-firmness values for each of the six treatments or I AD classes was not ob-served. The DA meter segregated only the class that ranged from 1.70 to 1.79 from the class that ranged from 1.60 to 1.69, while all of the other classes were grouped together and exhibited no differences. However, these four classes showed relatively small differences with respect to flesh firmness: between the highest and lowest classes, a difference of only 1.9 N was observed, which is an insignificant difference from a practical perspective (Table 1 ). In contrast, fruit compression strenght, though not a common index used by the plum industry, showed an association with I AD (Table 1 ). According to Usenik et al. (2008) , the cultivar has a significant influence on fruit weight, SSC, firmness, total acid content, total phenols and anthocyanins in European plums. Ripening resulted in increased fruit weight and SSC and decreased flesh firmness and total acid content.
Other authors have used the I AD and have established different classes of ripeness; Ziosi et al. (2008) implemented three classes for Stark Red Gold nectarines. The various classes showed significant differences with respect to SSC, firmness and acidity with I AD values ranging from 0.3 to 1.2. Costa et al. (2008) established two classes for Fayette peaches and found differences in ethylene production, firmness and acidity associated with I AD .
The results observed in this study show that I AD values can be used to sort plums into groups with various SSC and fruit compression strenght values for at least three classes of I AD . Class 1.70-1.79 primarily contained plums in a state of incipient maturity, suggesting that these plums are most appropriate for the fresh market, while class 1.20-1.29 contained ripe to over- Different letters between columns indicate significant differences (P ≤ 0.05). ripe plums with 1.25 N compression strenght, 25.5 N firmness and 23.3% SSC, levels that are more appropriate for processing purposes. Any increase in SSC values beyond this point is ascribable exclusively to fruit dehydration, rather than sugar accumulation (Krueger and Wilbur, 2006) . Plums in the 1.20-1.29 class with elevated SSC values are the ideal raw material for obtaining high-quality dried products (Dejong et al., 2002) . Few studies have been published regarding the best maturity level (in terms of SSC or flesh-firmness values) for the consumption of fresh European plums that could guarantee a high-quality product.
The results obtained in this study could initiate the development of I AD as a harvest index for plums, particularly when the product is intended for the fresh fruit market. In the future, the association between I AD values and other physiological traits, such as respiration and ethylene production, will also be studied. La determinación objetiva del momento óptimo de cosecha de las ciruelas europeas, destinadas tanto para el consumo en fresco y la agroindustria, es una preocupación fundamental para la industria frutícola. Se utilizó un dispositivo espectroscópico Vis/NIR para la clasificación de ciruelas D'Agen cosechadas en torno a la fecha de cosecha comúnmente usada por la industria local. El índice de absorción de clorofila demostró ser capaz de separar los sólidos solubles y la fuerza de compresión de la fruta en las diferentes clases de madurez. La fruta clasificada con un índice de absorbancia de la clorofila menor a 1,59 no mostró diferencias en la firmeza de la pulpa. Las ciruelas cosechadas con un índice de absorbancia de la clorofila entre 1,20-1,29 presentaron una fuerza de compresión de 1,25 N y 23,3% de concentración de sólidos solubles, siendo estos valores umbrales adecuados para la cosecha de ciruelas para fines industriales. El índice de absorción de la clorofila representa un valioso índice que permitiría obtener ciruelas de alta calidad tanto para el consumo en fresco o procesamiento industrial.
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